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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the control circuit used for control of a switching regulator of a zero bolt switch 
Pulse-Density-Modulation mold. Error amplifier which considers an output voltage signal of said 
switching regulator as an input, and detects an error of said output voltage signal and reference 
voltage, A signal generation circuit which generates a pulse signal of constant frequency which 
has a duty ratio according to magnitude of said error, An inverter which reverses an output of 
said signal generation circuit, and the 1st flip-flop which considers an output of said signal 
generation circuit as an input, The 2nd flip-flop which considers an output of said inverter as an 
input, and the 1st delay circuit which carries out predetermined time delay of the noninverting 
output of said 1st flip-flop, A noninverting output of said 2nd flip-flop Said 2nd delay circuit 
which carries out predetermined time delay, The 1st exclusive "or" circuit which considers an 
output of said 1st delay circuit, and a noninverting output of said 2nd flip-flop as an input, It has 
the 2nd exclusive "or" circuit which considers an output of said 2nd delay circuit, and a reversal 
output of said 1st flip-flop as an input. A control circuit of a zero bolt switch Pulse-Density- 
Modulation mold switching regulator where an output of each of said exclusive "or" circuit is 
used for ON / off control of each switching device of said switching regulator. 
[Claim 2] A control circuit of a zero bolt switch Pulse-Density-Modulation mold switching 
regulator according to claim 1 constituted by comparator which said signal generation circuit 
compares an output and said chopping sea signal of a chopping sea oscillator which generates a 
chopping sea signal of constant frequency, and said error amplifier, and outputs the result. 
[Claim 3] Said each delay circuit is constituted by integrating circuit which has the same time 
constant, and it is the control circuit of a zero bolt switch Pulse-Density-Modulation mold 
switching regulator according to claim 1 or 2 with same SURESSHOHORUDO voltage of an 
input of each of said exclusive "or" circuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the control circuit of the switching 
regulator of a zero bolt switching (ZVS) Pulse-Density-Modulation (PWM) mold about the 
control circuit of a switching regulator. 
[0002] 

[Description of the Prior Art] It is widely used as a power supply small [ a switching regulator ] 
and efficient, and the thing of various kinds of circuitry is put in practical use. Generally in the 
switching regulator, control of output voltage is performed by Pulse Density Modulation 
(PWM;Pulse Width Modulation). While reducing a switching noise in the switching regulator of 
an PWM mold, as new technology of realizing improvement in the further power conversion 
effectiveness, zero bolt switching (ZVS;Zero Volt Switching) is advocated (for example, Kosuke 
Harada, 2 Miyayasu, ******, collaboration : "the base of a switching converter": Corona 
Publishing). 

[0003] Drawing 3 (a) is the basic circuit diagram of the switching regulator of a zero bolt 
switching Pulse-Density-Modulation (ZVS-PWM is called hereafter) mold. While exchanging 
the commutation diode in the switching regulator circuit of the conventional pressure-lowering 
mold to the 2nd switching device, it is each switching device with the configuration of having 
connected the capacitor to juxtaposition, respectively. 

[0004] That is, the 1st and 2nd switching devices Ql and Q2 which consist of a power MOS 
transistor typically are connected to the serial between the input terminal Tl and the common- 
electrical-ground point as that by which input power E is connected between a common- 
electrical-ground point and an input terminal Tl, and capacitors CI and C2 are connected to each 
switching devices Ql and Q2 at juxtaposition, respectively. ON / off control is made on the 
voltage on which each switching devices Ql and Q2 are impressed to each gate terminal Gl and 
G2. The end of a choke coil L is connected at the node of a switching device Ql and a switching 
device Q2, and the other end of this choke coil L is connected to the output terminal T2. The 
capacitor C3 is formed between the output terminal T2 and the common-electrical-ground point. 
Let voltage of an output terminal T2 be output voltage Vo here. Load resistance R is connected 
between a terminal T2 and a common-electrical-ground point. 

[0005] The timing of each switching devices Ql and Q2 of operation is shown in drawing 3 (b). 
In the ZVS-PWM mold switching regulator, although switching devices Ql and Q2 are made to 
turn on by turns, in that case, establish the period (dead time td) when both both switching 
devices Ql and Q2 will be in an OFF state, and it enables it to realize zero bolt switching by 
each switching devices Ql and Q2, and while reducing a switching noise, thereby, power 
conversion effectiveness is raised. When ta and OFF time amount of the 2nd switching device 
Q2 are set to tb and a repeat period is set to ts for the ON time amount of the 1st switching 
device Ql, a dead time td is fixed time amount with which are satisfied of tb=ta+2xtd. Moreover, 
the duty ratio Da of the 1st switching device Ql is Da=ta/ts, and control of output voltage Vo is 
performed by changing this duty ratio Da, keeping td constant. 
[0006] 

[Problem(s) to be Solved by the Invention] Although that basic circuitry was known about the 
switching regulator of a ZVS-PWM mold, the practical control circuit for driving each switching 
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device appropriately was not realized until now, and, for this reason, the ZVS-PWM mold 
switching regulator itself was not put in practical use. 

[0007] The object of this invention is the control circuit of a ZVS-PWM mold switching 

regulator, and is to offer high degree of accuracy and a brief circuit. 

[0008] 

[Means for Solving the Problem] A control circuit of a zero bolt switch Pulse-Density- 
Modulation mold switching regulator of this invention It is the control circuit used for control of 
a switching regulator of a zero bolt switch Pulse-Density-Modulation mold. Error amplifier 
which considers an output voltage signal of said switching regulator as an input, and detects an 
error of said output voltage signal and reference voltage, A signal generation circuit which 
generates a pulse signal of constant frequency which has a duty ratio according to magnitude of 
said error, An inverter which reverses an output of said signal generation circuit, and the 1st flip- 
flop which considers an output of said signal generation circuit as an input, The 2nd flip-flop 
which considers an output of said inverter as an input, and the 1st delay circuit which carries out 
predetermined time delay of the noninverting output of said 1st flip-flop, A noninverting output 
of said 2nd flip-flop Said 2nd delay circuit which carries out predetermined time delay, The 1st 
exclusive "or" circuit which considers an output of said 1st delay circuit, and a noninverting 
output of said 2nd flip-flop as an input, It has the 2nd exclusive "or" circuit which considers an 
output of said 2nd delay circuit, and a reversal output of said 1st flip-flop as an input, and an 
output of each of said exclusive "or" circuit is used for ON / off control of each switching device 
of said switching regulator. 

[0009] In this invention, a chopping sea oscillator which generates a chopping sea signal of 
constant frequency, and a comparator which compares an output and a chopping sea signal of 
error amplifier, and outputs the result can constitute a signal generation circuit, moreover, an 
integrating circuit which has the same time constant — each delay circuit — constituting ~ 
SURESSHOHORUDO voltage of an input of each exclusive "or" circuit — the same ~ making . 
[0010] 

[Function] It uses a flip-flop, a delay circuit, and two exclusive "or" circuits at a time, and since 
the suitable output which has a dead time was obtained, the control circuit of the high degree of 
accuracy for a ZVS-PWM mold switching regulator is realizable with a brief configuration. 
[0011] 

[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 
I is the block diagram showing the configuration of the control circuit of the ZVS-PWM mold 
switching regulator of one example of this invention, and drawing 2 is a timing chart which 
shows change of the voltage of each point in the control circuit of drawing 1 . This control circuit 
is preferably used for control of the ZVS-PWM mold switching regulator which shows a basic 
circuit diagram to drawing 3 (a), considers output voltage Vo of a switching regulator as an input, 
and outputs the driving signal of each switching devices Ql and Q2. Based on this driving signal, 
ON / off control of each switching devices Ql and Q2 are performed by the non-illustrated 
actuation circuit. 

[0012] Reference voltage Vref and output voltage Vo of a switching regulator are considered as 
an input, and the error amplifier A which detects and amplifies the error between these is formed. 
Moreover, the chopping sea oscillator OSC which oscillates a chopping sea on fixed frequency is 
formed. The output of these error amplifier A and the output of the chopping sea oscillator OSC 
are inputted into Comparator K, and are measured mutually. The inverter INV which the output 
of Comparator K inputs into this control circuit, and furthermore reverses this to it, 1st T mold 
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flip-flop FF 1 which makes the output of Comparator K clocked into 2nd T mold flip-flop FF 2 
which makes the output of Inverter INV clocked into The 1st integrating circuit INT 1 which the 
noninverting output Q of FF1 of the 1st flip-flop inputs The 2nd integrating circuit INT 2 which 
the noninverting output Q of the 2nd flip-flop FF 2 inputs The output of the 1st exclusive "or" 
circuit EX1 which considers the output of the 1st integrating circuit INT 1, and the noninverting 
output Q of the 2nd flip-flop as an input, and the 2nd integrating circuit INT 2, and the reversal 
output of the 1st flip-flop FF 1 [0013] 
[External Character 1] 

It has the 2nd exclusive "or" circuit EX2 considered as an input. The output signal from the 1st 
exclusive "or" circuit EX1 turns into a driving signal of the 1st switching device Ql (refer to 
drawing 3 ) of a switching regulator through Terminal a, and the output signal from the 2nd 
exclusive "or" circuit EX2 turns into a driving signal of a switching device Q2 through Terminal 
b similarly. 

[0014] Integrating circuits INT1 and INT2 are only for the same predetermined time amount to 
delay an input signal, are the things of CR mold which consists of resistance and a capacitor, and 
have the same time constant. Moreover, exclusive "or" circuits EX1 and EX2 have the same 
SURESSHOHORUDO voltage about an input voltage property. 

[0015] Next, actuation of this control circuit is explained. The error of the output voltage Vo of a 
switching regulator and reference voltage Vref is amplified by the error amplifier A (refer to ** 
of drawing 2 ), and the chopping sea oscillator OSC outputs the chopping sea of constant 
frequency (refer to ** of drawing 2 ). The period of a chopping sea turns into the repeat period ts 
so that clearly from the following explanation. As Comparator K measures the output (** of 
drawing 2 ) of the error amplifier A, and the output (** of drawing 2 ) of the chopping sea 
oscillator OSC and it is shown in ** of drawing 2 , the period which the voltage in the direction 
of a chopping sea has exceeded, and logical-value" 1" are outputted, and other periods output 
logical-value"0." Therefore, the duty ratio of the output signal of Comparator K will be 
equivalent to the magnitude of the error detected with the error amplifier A. 
[0016] It is reversed with Inverter INV (refer to ** of drawing 2 ), and the output of Comparator 
K is inputted into the clock terminal CLK of 2nd T mold flip-flop FF 2 while inputting it into the 
clock terminal CLK of 1st T mold flip-flop FF 1. Supposing each flip-flops FF1 and FF2 are 
positive edge triggers, it is the noninverting output Q and reversal output [0017] of the 1st flip- 
flop FF1. 

[External Character 2] 

It comes to be shown by **, ** which is drawing 2 , and **, respectively, and the noninverting 
output Q of the 2nd flip-flop FF 2 comes to be shown by ** of drawing 2 . According to the 
magnitude of the error above-mentioned [ the output of the 1st flip-flop FF 1 and the output of 
the 2nd flip-flop FF 2 / the width of face of the output pulse of Comparator K ], it is shifted in 
time. 

[0018] The noninverting output Q of flip-flops FF1 and FF2 integrates integrating circuits INT1 
and INT2 according to the time constant of the CR. The output of integrating circuits INT1 and 
INT2 is shown in ** and ** of drawing 2 , respectively. The 1st exclusive "or" circuit EX1 is 
outputted in quest of the exclusive OR of the output of the 1st integrating circuit INT 1, and the 
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noninverting output Q of the 2nd flip-flop FF 2 (refer to a of drawing 2 ). That is, although it is 
the same as that of the output of Comparator K, only the time constant of an integrating circuit 
INT 1 and the predetermined time amount which becomes settled on the SURESSHOHORUDO 
voltage of the input of an exclusive "or" circuit EX1 are acquired for the output by which the 
event of the standup of a pulse is delayed. Here, a time constant and SURESSHOHORUDO 
voltage are defined so that this predetermined time amount may be in agreement with the dead 
time td of a ZVS-PWM mold switching regulator. Similarly, the 2nd exclusive "or" circuit EX2 
is outputted in quest of the exclusive OR of the output of the 2nd integrating circuit INT 2, and 
the reversal output of the 1st flip-flop FF 1 (refer to b of drawing 2 ). Therefore, although it is the 
same as that of the output of Inverter INV, the output only the dead time td was behind [ output ] 
in the standup of a pulse is obtained from the 2nd exclusive "or" circuit EX2. 
[0019] As mentioned above, since the time constant of integrating circuits INT1 and INT2 and 
the SURESSHOHORUDO voltage of exclusive "or" circuits EX1 and EX2 determine a dead 
time td, it is fixed. The time amount ta whose terminal a it is fixed since repetition time ts 
becomes settled on the oscillation frequency of the chopping sea oscillator OSC, and is "1" will 
change according to the error of the output voltage Vo of a switching regulator, and reference 
voltage Vref. Therefore, tb=ta+2xtd is always materialized. When the repeat period ts and a dead 
time td are defined according to the constant of each element of a ZVS-PWM mold switching 
regulator, input voltage, and desired output voltage, and the gain of the error amplifier A etc. is 
set up appropriately and ON/OFF control of the switching devices Ql and Q2 is made to be 
carried out by the output from Terminals a and b, respectively, a ZVS-PWM mold switching 
regulator can be appropriately controlled by this control circuit. 
[0020] 

[Effect of the Invention] As explained above, this invention is brief circuitry which uses a flip- 
flop, a delay circuit, an exclusive "or" circuit, etc., can constitute the control circuit of the high 
degree of accuracy for a ZVS-PWM mold switching regulator, and is effective in the ability of a 
ZVS-PWM mold switching regulator to realize now easily. 
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TECHNICAL FIELD 



[Industrial Application] Especially this invention relates to the control circuit of the switching 
regulator of a zero bolt switching (ZVS) Pulse-Density-Modulation (PWM) mold about the 
control circuit of a switching regulator. 
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PRIOR ART 



[Description of the Prior Art] It is widely used as a power supply small [ a switching regulator ] 
and efficient, and the thing of various kinds of circuitry is put in practical use. Generally in the 
switching regulator, control of output voltage is performed by Pulse Density Modulation 
(PWM;Pulse Width Modulation). While reducing a switching noise in the switching regulator of 
an PWM mold, as new technology of realizing improvement in the further power conversion 
effectiveness, zero bolt switching (ZVS;Zero Volt Switching) is advocated (for example, Kosuke 
Harada, 2 Miyayasu, ******, collaboration : "the base of a switching converter": Corona 
Publishing). 

[0003] Drawing 3 (a) is the basic circuit diagram of the switching regulator of a zero bolt 
switching Pulse-Density-Modulation (ZVS-PWM is called hereafter) mold. While exchanging 
the commutation diode in the switching regulator circuit of the conventional pressure-lowering 
mold to the 2nd switching device, it is each switching device with the configuration of having 
connected the capacitor to juxtaposition, respectively. 

[0004] That is, the 1st and 2nd switching devices Ql and Q2 which consist of a power MOS 
transistor typically are connected to the serial between the input terminal Tl and the common- 
electrical-ground point as that by which input power E is connected between a common- 
electrical-ground point and an input terminal Tl, and capacitors CI and C2 are connected to each 
switching devices Ql and Q2 at juxtaposition, respectively. ON / off control is made on the 
voltage on which each switching devices Ql and Q2 are impressed to each gate terminal Gl and 
G2. The end of a choke coil L is connected at the node of a switching device Ql and a switching 
device Q2, and the other end of this choke coil L is connected to the output terminal T2. The 
capacitor C3 is formed between the output terminal T2 and the common-electrical-ground point. 
Let voltage of an output terminal T2 be output voltage Vo here. Load resistance R is connected 
between a terminal T2 and a common-electrical-ground point. 

[0005] The timing of each switching devices Ql and Q2 of operation is shown in drawing 3 (b). 
In the ZVS-PWM mold switching regulator, although switching devices Ql and Q2 are made to 
turn on by turns, in that case, establish the period (dead time td) when both both switching 
devices Ql and Q2 will be in an OFF state, and it enables it to realize zero bolt switching by 
each switching devices Ql and Q2, and while reducing a switching noise, thereby, power 
conversion effectiveness is raised. When ta and OFF time amount of the 2nd switching device 
Q2 are set to tb and a repeat period is set to ts for the ON time amount of the 1st switching 
device Ql, a dead time td is fixed time amount with which are satisfied of tb=ta+2xtd. Moreover, 
the duty ratio Da of the 1st switching device Ql is Da=ta/ts, and control of output voltage Vo is 
performed by changing this duty ratio Da, keeping td constant. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, this invention is brief circuitry which uses a flip- 
flop, a delay circuit, an exclusive "or" circuit, etc., can constitute the control circuit of the high 
degree of accuracy for a ZVS-PWM mold switching regulator, and is effective in the ability of a 
ZVS-PWM mold switching regulator to realize now easily. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Although that basic circuitry was known about the 
switching regulator of a ZVS-PWM mold, the practical control circuit for driving each switching 
device appropriately was not realized until now, and, for this reason, the ZVS-PWM mold 
switching regulator itself was not put in practical use. 

[0007] The object of this invention is the control circuit of a ZVS-PWM mold switching 

regulator, and is to offer high degree of accuracy and a brief circuit. 

[0008] 
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MEANS 



[Means for Solving the Problem] A control circuit of a zero bolt switch Pulse-Density- 
Modulation mold switching regulator of this invention It is the control circuit used for control of 
a switching regulator of a zero bolt switch Pulse-Density-Modulation mold. Error amplifier 
which considers an output voltage signal of said switching regulator as an input, and detects an 
error of said output voltage signal and reference voltage, A signal generation circuit which 
generates a pulse signal of constant frequency which has a duty ratio according to magnitude of 
said error, An inverter which reverses an output of said signal generation circuit, and the 1st flip- 
flop which considers an output of said signal generation circuit as an input, The 2nd flip-flop 
which considers an output of said inverter as an input, and the 1st delay circuit which carries out 
predetermined time delay of the noninverting output of said 1st flip-flop, A noninverting output 
of said 2nd flip-flop Said 2nd delay circuit which carries out predetermined time delay, The 1st 
exclusive "or" circuit which considers an output of said 1st delay circuit, and a noninverting 
output of said 2nd flip-flop as an input, It has the 2nd exclusive "or" circuit which considers an 
output of said 2nd delay circuit, and a reversal output of said 1st flip-flop as an input, and an 
output of each of said exclusive "or" circuit is used for ON / off control of each switching device 
of said switching regulator. 

[0009] In this invention, a chopping sea oscillator which generates a chopping sea signal of 
constant frequency, and a comparator which compares an output and a chopping sea signal of 
error amplifier, and outputs the result can constitute a signal generation circuit, moreover, an 
integrating circuit which has the same time constant — each delay circuit — constituting — 
SURESSHOHORUDO voltage of an input of each exclusive "or" circuit - the same - making . 
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OPERATION 



[Function] It uses a flip-flop, a delay circuit, and two exclusive "or" circuits at a time, and since 
the suitable output which has a dead time was obtained, the control circuit of the high degree of 
accuracy for a ZVS-PWM mold switching regulator is realizable with a brief configuration. 
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EXAMPLE 



[Example] Next, the example of this invention is explained with reference to a drawing. Drawing 
I is the block diagram showing the configuration of the control circuit of the ZVS-PWM mold 
switching regulator of one example of this invention, and drawing 2 is a timing chart which 
shows change of the voltage of each point in the control circuit of drawing 1 . This control circuit 
is preferably used for control of the ZVS-PWM mold switching regulator which shows a basic 
circuit diagram to drawing 3 (a), considers output voltage Vo of a switching regulator as an input, 
and outputs the driving signal of each switching devices Ql and Q2. Based on this driving signal, 
ON / off control of each switching devices Ql and Q2 are performed by the non-illustrated 
actuation circuit. 

[0012] Reference voltage Vref and output voltage Vo of a switching regulator are considered as 
an input, and the error amplifier A which detects and amplifies the error between these is formed. 
Moreover, the chopping sea oscillator OSC which oscillates a chopping sea on fixed frequency is 
formed. The output of these error amplifier A and the output of the chopping sea oscillator OSC 
are inputted into Comparator K, and are measured mutually. The inverter INV which the output 
of Comparator K inputs into this control circuit, and furthermore reverses this to it, 1st T mold 
flip-flop FF 1 which makes the output of Comparator K clocked into 2nd T mold flip-flop FF 2 
which makes the output of Inverter INV clocked into The 1st integrating circuit INT 1 which the 
noninverting output Q of FF1 of the 1st flip-flop inputs The 2nd integrating circuit INT 2 which 
the noninverting output Q of the 2nd flip-flop FF 2 inputs The output of the 1st exclusive "or" 
circuit EX1 which considers the output of the 1st integrating circuit INT 1, and the noninverting 
output Q of the 2nd flip-flop as an input, and the 2nd integrating circuit INT 2, and the reversal 
output of the 1st flip-flop FF 1 [0013] 
[External Character 1] 

It has the 2nd exclusive "or" circuit EX2 considered as an input. The output signal from the 1st 
exclusive "or" circuit EX1 turns into a driving signal of the 1st switching device Ql (refer to 
drawing 3 ) of a switching regulator through Terminal a, and the output signal from the 2nd 
exclusive "or" circuit EX2 turns into a driving signal of a switching device Q2 through Terminal 
b similarly. 

[0014] Integrating circuits INT1 and INT2 are only for the same predetermined time amount to 
delay an input signal, are the things of CR mold which consists of resistance and a capacitor, and 
have the same time constant. Moreover, exclusive "or" circuits EX1 and EX2 have the same 
SURESSHOHORUDO voltage about an input voltage property. 

[0015] Next, actuation of this control circuit is explained. The error of the output voltage Vo of a 
switching regulator and reference voltage Vref is amplified by the error amplifier A (refer to ** 
of drawing 2 ), and the chopping sea oscillator OSC outputs the chopping sea of constant 
frequency (refer to ** of drawing 2 ). The period of a chopping sea turns into the repeat period ts 
so that clearly from the following explanation. As Comparator K measures the output (** of 
drawing 2 ) of the error amplifier A, and the output (** of drawing 2 ) of the chopping sea 
oscillator OSC and it is shown in ** of drawing 2 , the period which the voltage in the direction 
of a chopping sea has exceeded, and logical-value" 1" are outputted, and other periods output 
logical-value"0." Therefore, the duty ratio of the output signal of Comparator K will be 
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equivalent to the magnitude of the error detected with the error amplifier A. 
[0016] It is reversed with Inverter INV (refer to ** of drawing 2 ), and the output of Comparator 
K is inputted into the clock terminal CLK of 2nd T mold flip-flop FF 2 while inputting it into the 
clock terminal CLK of 1st T mold flip-flop FF 1 . Supposing each flip-flops FF1 and FF2 are 
positive edge triggers, it is the noninverting output Q and reversal output [0017] of the 1st flip- 
flop FF1. 

[External Character 2] 

It comes to be shown by **, ** which is drawing 2 , and **, respectively, and the noninverting 
output Q of the 2nd flip-flop FF 2 comes to be shown by ** of drawing 2 . According to the 
magnitude of the error above-mentioned [ the output of the 1st flip-flop FF 1 and the output of 
the 2nd flip-flop FF 2 / the width of face of the output pulse of Comparator K ], it is shifted in 
time. 

[0018] The noninverting output Q of flip-flops FF1 and FF2 integrates integrating circuits INT1 
and INT2 according to the time constant of the CR. The output of integrating circuits INT1 and 
INT2 is shown in ** and ** of drawing 2 , respectively. The 1st exclusive "or" circuit EX1 is 
outputted in quest of the exclusive OR of the output of the 1st integrating circuit INT 1, and the 
noninverting output Q of the 2nd flip-flop FF 2 (refer to a of drawing 2 ). That is, although it is 
the same as that of the output of Comparator K, only the time constant of an integrating circuit 
INT 1 and the predetermined time amount which becomes settled on the SURESSHOHORUDO 
voltage of the input of an exclusive "or" circuit EX1 are acquired for the output by which the 
event of the standup of a pulse is delayed. Here, a time constant and SURESSHOHORUDO 
voltage are defined so that this predetermined time amount may be in agreement with the dead 
time td of a ZVS-PWM mold switching regulator. Similarly, the 2nd exclusive "or" circuit EX2 
is outputted in quest of the exclusive OR of the output of the 2nd integrating circuit INT 2, and 
the reversal output of the 1st flip-flop FF 1 (refer to b of drawing 2 ). Therefore, although it is the 
same as that of the output of Inverter INV, the output only the dead time td was behind [ output ] 
in the standup of a pulse is obtained from the 2nd exclusive "or" circuit EX2. 
[0019] As mentioned above, since the time constant of integrating circuits INT1 and INT2 and 
the SURESSHOHORUDO voltage of exclusive "or" circuits EX1 and EX2 determine a dead 
time td, it is fixed. The time amount ta whose terminal a it is fixed since repetition time ts 
becomes settled on the oscillation frequency of the chopping sea oscillator OSC, and is "1" will 
change according to the error of the output voltage Vo of a switching regulator, and reference 
voltage Vref. Therefore, tb=ta+2xtd is always materialized. When the repeat period ts and a dead 
time td are defined according to the constant of each element of a ZVS-PWM mold switching 
regulator, input voltage, and desired output voltage, and the gain of the error amplifier A etc. is 
set up appropriately and ON/OFF control of the switching devices Ql and Q2 is made to be 
carried out by the output from Terminals a and b, respectively, a ZVS-PWM mold switching 
regulator can be appropriately controlled by this control circuit. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the control circuit of the ZVS- 
PWM mold switching regulator of one example of this invention. 
[Drawing 2] It is the flow chart of the control circuit of drawing 1 . 

[Drawing 3] It is the timing chart which shows a driving signal [ as opposed to / as opposed to / 
in (a) / the basic circuit diagram of a ZVS-PWM mold switching regulator / each switching 
device in (b) ]. 
[Description of Notations] 
A Error amplifier 
E Input power 

EX1, EX2 Exclusive "or" circuit 
FF1, FF2 Flip-flop 
G1,G2 Gate terminal 
K Comparator 
INV Inverter 

INT1 ? INT2 Integrating circuit 
OSC Chopping sea oscillator 
Ql, Q2 Switching device 
Tl, T2 Terminal 
R Load resistance 
Vo Output voltage 
Vref Reference voltage 
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